ABSTRACT Most of the mobile receptors on mouse lymphocytes and thymocytes, including immunoglobulins, H-2 antigens, Thy-1.2 antigens, some concanavalin A receptors, and some antigenic determinants detected by anti-thymocyte serum, were redistributed into caps when the cells were incubated in hypertonic medium (about 600 mOsM) in the absence of ligands. The caps reverted to the original distributions if the cells were transferred again to isotonic medium. The viability of the cells was not decreased after incubation in the hypertonic medium. Ligand-independent cap formation appeared to depend upon cellular metabolism. Different species of receptors appeared to move with different mobilities during the process of ligandindependent cap formation. Most microvilli on cells showing caps in hypertonic medium were associated with the regions of the caps. These results suggest that free receptors can be induced to form caps if the receptors are allowed to interact with the machinery of cap formation under special conditions. Cell surface receptors are distributed randomly in the plane of the membrane but can be redistributed into patches and caps after crosslinking by multivalent ligands (1). Segregation of crosslinked receptors from other receptors is a characteristic of ligand-dependent cap formation. For instance, when surface immunoglobulins (Ig) on mouse lymphocytes are crosslinked with antibody directed against immunoglobulin (anti-Ig) and then capped, other surface molecules (e.g., alloantigens such as H-2 antigens) still remain distributed randomly on the cell surface (2).
Cell surface receptors are distributed randomly in the plane of the membrane but can be redistributed into patches and caps after crosslinking by multivalent ligands (1) . Segregation of crosslinked receptors from other receptors is a characteristic of ligand-dependent cap formation. For instance, when surface immunoglobulins (Ig) on mouse lymphocytes are crosslinked with antibody directed against immunoglobulin (anti-Ig) and then capped, other surface molecules (e.g., alloantigens such as H-2 antigens) still remain distributed randomly on the cell surface (2) .
In contrast to the common cap formation described above, exceptional cases have been reported to be independent of ligands, including cap formation of viral antigens of tumor cells (3, 4) and that observed on lymphocytes stimulated with lipopolysaccharide (5) . The former, however, occurs only after prolonged incubation (up to 4 hr) in tissue culture medium (3) and the latter has been observed mainly on stimulated B-lymphocytes that were undergoing movement (5) . One therefore might be tempted to conclude that ligand-independent cap formation is not a basic property of biological membranes.
We report here the finding that cap formation of most of the movable surface receptors on lymphocytes can take place in hypertonic medium without addition of ligands. Ligand-independent cap formation appeared to be induced on a major population of these cells soon after their transfer into hypertonic medium. We also found that different species of receptors moved with different mobilities in the process of ligand-independent cap formation. In addition, studies by both transmission and scanning electron microscopy of the morphology of those cells showing caps in hypertonic medium indicated a strong association of the caps with microvilli. These results are dis-
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MATERIALS AND METHODS Preparation of Cell Suspension. Phosphate-buffered saline (PBS) has been described (6) . In the present study, we used 2 X PBS as a hypertonic medium; this is composed of 2-fold amounts of each component of PBS.
ICR mice, which were randomly bred within a closed colony (6) . Ferritin-labeled anti-Ig was prepared and purified according to the method described by de Petris and Raff (7). Anti-H-2d sera [C57BL/10 anti-BlO.D2 and (C57BL/10 X AKR.M)F1 anti-B1O.A] were kindly provided by G. M. Edelman and R. Milner (The Rockefeller University). Fractions precipitated from the H-2 sera at 40% saturation of ammonium sulfate were conjugated with fluorescein isothiocyanate. Thy-1.2 antigens on thymocytes were detected by indirect immunofluorescence, using antiThy-1.2 serum (AKR anti-C3H; Searle Diagnostic, Buckinghamshire, England) and fluorescein-labeled rabbit Ig directed against mouse IgG (fl-anti-Ig).
Ligand-Independent Cap Fonnation in 2 X PBS. Cells were incubated in 2 X PBS at 370 for 10 min and fixed in 1% formaldehyde in 2 X PBS at 250 for 10 min. They were then washed in 2 X PBS and incubated with 100 ,ug ml-' of fl-anti-Ig in 2 X PBS at 250 for 10 min. Redistribution of Ig was observed as will be seen below. (Fig. lb) , whereas the latter exhibited a crescent-shaped distribution of fluorescence (Fig. ld) . The cap region of cells capped in hypertonic medium was observed in the transmission electron microscope to be extraordinarily villous (Fig. 2a) . When ferritin-labeled anti-Ig was used, ferritin molecules appeared to be packed in the spaces between microvilli (Fig. 2b) face Ig redistributed into caps; the residual part of the Ig remained distributed diffusely over the cell surface (Fig. 3) .
Requirements for Ligand-Independent Cap Formation in Hypertonic Medium. Ligand-independent cap formation in 2 X PBS was strongly inhibited by 20 mM NaN3, 10 ,ug mlh' of cytochalasin B, or 100,ug mh'1 of concanavalin A (Con A) ( Table 1) . Colchicine (0.1 mM) partially reversed the inhibitory effect of Con A on ligand-independent cap formation, suggesting that colchicine-sensitive structures are involved in the inhibition of receptor mobility by Con A in the present system as well as in anti-Ig-induced patch and cap formation (10 Fig. 3 among the cells transferred from 2 x PBS to PBS. Neither 20AmM NaN3 nor 10 ,ug ml-' of cytochalasin B inhibited the reversion from the capped to the diffuse state. This observation suggests that the reversion from capped to diffuse state might be accounted for by diffusion of molecules in the plane of membrane. If cells were incubated in 2 X PBS in the presence of fl-anti-Ig, the formed caps were not reversed after transfer to PBS.
Ligand-Independent Cap Formation by Other Receptors. We have found that H-2 antigens on splenic lymphocytes and thymocytes and Thy-1.2 antigens on thymocytes were capped in 2 X PBS without addition of any antibody ( Table 1) . Parts of the populations of both Con A receptors and antigenic sites for anti-mouse thymocyte sera on each cell also appeared to be capped by 2 X PBS. Treatment of lymphocytes with 0.1 mM colchicine increased the proportions of those receptors capped in 2 X PBS on each cell as well as the number of cells showing distinct ligand-independent cap formation of those receptors. The details of the results will be published elsewhere.
Simultaneous Movements of Cell Surface Receptors and Microvilli in Ligand-Independent Cap Formation. One of the features of cap formation in hypertonic medium is the accumulation of microvilli in the cap region. Cells with randomly distributed microvilli were common among populations that had not been exposed to hypertonic medium. In contrast, most of the microvilli in cells in hypertonic medium appeared to be localized (Fig. 4) in regions that coincided with caps, as observed in transmission electron microscopic studies with ferritin-labeled anti-Ig. This cell morphology was rarely observed when cap formation was induced by ligands in PBS. On some cells capped in hypertonic medium, a small number of microvilli could be seen in regions other than the cap.
Transfer of cells from 2 X PBS to PBS decreased the number of cells with highly localized microvilli and, instead, gave populations of cells showing nonuniform but not highly localized distributions of microvilli ( Patch Formation in Hypertonic Medium. Within the resolution of fluorescence microscopy, apparent patch formation was not detected on cells that were incubated in 2 X PBS containing NaN3, fixed, and labeled with fl-anti-Ig. In order to examine the possibility that patch formation might be nonspecifically induced in hypertonic medium without addition of ligand but not detected in the microscope, we studied specific patch formation of receptors by ligands in 2 X PBS. When lymphocytes were incubated in 2 X PBS containing NaN3 and further incubated with 100 ,ug ml-' of fl-anti-Ig in the same medium, patch formation of Ig was detected in the fluorescence microscope. This result suggests that spontaneous patch formation by Ig receptors does not occur in hypertonic medium.
DISCUSSION
The present report describes cap formation that can be induced on a large fraction of lymphoid cells by simple incubation in 2 X PBS. This phenomenon, which occurs independently of crosslinking ligands, has been observed for Ig, H-2 antigens, Con A receptors, and anti-mouse thymocyte serum reacting sites of mouse lymphocytes and for H-2 and Thy-1.2 antigens of thymocytes. Media made hypertonic with sucrose also induced cap formation without addition of ligands, suggesting that the high osmolarity of medium is the cause of the ligand-independent cap formation.
The differential mobilities of various receptors observed in 2 X PBS (Table 1) can be explained in terms of the hypothetical receptor-cytoplasmic interactions originally proposed by Edelman et al. (11, 12) . According to this hypothesis, the mobility of surface receptors is negatively controlled by interaction with cytoplasmic structures, which are assumed to consist of microtubules, microfilaments, and other structures. The stimulatory effect of colchicine on Con A-independent cap formation of Con A receptors (Table 1 ) supports this view.
As shown in Fig. 3 , not all of the surface Ig molecules were capped in some populations of cells. This fact suggests that a portion of Ig molecules might be interacting with the cytoplasmic structures described above. This interaction would appear to Ligand-independent cap formation was inhibited by NaN3, cytochalasin B, or Con A, all of which are inhibitors of liganddependent cap formation (2) . Therefore, the cellular machinery that directs ligand-dependent cap formation, which appears to depend on crosslinking of receptors, also appears to work in the process of ligand-independent cap formation observed in hypertonic medium.
The question therefore arises as to why patch formation appears to be a prerequisite to cap formation in isotonic medium but not in hypertonic medium. We can speculate that in isotonic medium patches but not free receptors are able to interact with the machinery of cap formation, whereas both patches and free receptors can interact with this machinery in hypertonic medium. We observed that the cell volume was decreased and the average number of microvilli per cell was increased when cells were transferred from isotonic medium to hypertonic medium (unpublished observations). It seems possible therefore that the membrane structures, including circumferential or cortical cytoplasmic structures, might be perturbed in hypertonic medium so that even free receptors can interact with the cytoplasmic contractile structures that comprise the machinery of cap formation. The possibility that membrane structures are also perturbed in hypertonic medium remains to be proven.
